Endometriosis is a painful disorder defined by extrauteral endometrial growths whose contribution to pain symptoms is poorly understood. Endometriosis is created in rats by autotransplanting on abdominal arteries pieces of either uterus (ENDO), which form cysts, or fat (shamENDO), which do not form cysts. ENDO, but not shamENDO induces vaginal hyperalgesia. We tested the hypothesis that the cysts are necessary to maintain vaginal hyperalgesia by assessing the effect of surgically removing them. Completecyst-removal eliminated ENDO-induced vaginal hyperalgesia up to 4 months post-operatively. Shamcyst-removal in ENDO rats, in which cysts were not removed, or partial cyst-removal increased the ENDO-induced hyperalgesia. The decreases and increases both took 3-6 weeks to develop. Changes in ENDO-induced hyperalgesia did not occur in a control group of ENDO rats who had no surgery after ENDO. In a double-surgery control group, neither shamENDO surgery nor a subsequent sham surgery that mimicked ''removal" of non-existent cysts influenced vaginal nociception. In a no-surgery control group, vaginal nociception remained stable for >6 months. The increases in ENDO-induced hyperalgesia produced by the sham-cyst-removal surgery were smaller in proestrus than in other estrous stages. During the other stages (but not during proestrus), sympathetic innervation of the cysts increased. These results suggest that maintenance of ENDO-induced vaginal hyperalgesia requires continued presence of at least some ectopic endometrial tissue, and that surgical treatment that fails to remove ectopic endometrial tissue can exacerbate the hyperalgesia, possibly due in part to an increase in the cysts' sympathetic innervation.
Introduction
Endometriosis is a poorly-understood condition defined by extrauteral endometrial growths (variously called ectopic growths, lesions, cysts, implants). Symptoms include subfertility, severe dysmenorrhea, dyspareunia (vaginal hyperalgesia), dyschezia, and chronic pelvic/abdominal and muscle pains. Endometriosis can also co-occur with other painful conditions, such as interstitial cystitis/painful bladder syndrome, irritable bowel syndrome, migraine headache, temporomandibular joint disorder, vulvodynia, and more [9, 19] . A major clinical problem is that pain symptoms fail to correlate with signs [41] . Some women with extensive ectopic growths report minor or no symptoms; other women with few or no growths report widespread distressing pains. In general, although supportable theories concerning the pathogenesis of the ectopic growths exist, much less is known about how these growths come to be associated with pain symptoms in different individuals [19] . Neither the type, site, temporal pattern, nor, importantly, the severity of pain symptoms correlates meaningfully with the amount or site of ectopic growths [41] . Recently, however, it was found that the ectopic growths in both women and the rat model described below develop their own sensory and sympathetic nerve supply [7, 8] , suggesting that it is the growths' nerve supply that may be most relevant to the pains [3, 45] .
Endometriosis is surgically-induced in rats by autotransplanting pieces of uterine horn (ENDO surgery), or, in controls, fat on abdominal arteries (shamENDO surgery [42] ). The uterine but not fat transplants develop over a period of weeks into cysts with characteristics similar to ectopic growths in women [38] . Furthermore, like women with endometriosis, rats with ENDO are subfertile [38] and exhibit vaginal and abdominal muscle hyperalgesia and bladder hyperactivity [13, 33, 34] . Moreover, like women with endometriosis, the severity of symptoms in rats with ENDO fails to correlate with the amount of ectopic endometrial growth (''cyst burden" [34] ).
Regardless of the extent of the ectopic growths, it still remains uncertain whether their presence is necessary to maintain symptoms. Of relevance to this issue is that one treatment for the pains, 
